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We, Scott Paper Company, a corporation 
organised under the laws of the State of 
Pennsylvania, United States of America, of 
Chester, State of Pennsylvania, United States 
of America^ do hereby declare the invention, 
for which we nrsiir tfiai- « i — 



use has been made of these structures as house- 
hold and industrial sponges, chamois-like 
cleansers, and other articles where utility de- 
pends upon softness, hydrophilidty and 
porosity. 
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pats:;t3 act. 1949 

SPECIFICATIQl? m. 858. 187 

in accordance with t2ie Decision of the superintending Examiner, acting for the 
Compt™ilS?SSSi; S^^^ the 20th day of Hay. 1964 this Specif Icatloa has Deen 
amended under Section 14 in the following manner: - 

Page -16. at the bottom of second coXvam, delete the reference to Section 8 
•substitute 

•Reference has been directed, in pursuance of Section 9, subsection (1) of the 
patents Act. 1949, to Patent Ho. 789,481" 



THS PATENT OFFICE, 
isth' August, 1964- 

whereby foamed open-cell, cellular structures 
may be produced, as by die use of blowing 
agents and similar techniques for the incor- 

30 poradon of expanding bubbles of gas or vapour 
in a plasdc mass of polymer, are fuUy de- 
scribed in published literature. 

Such foamed polymeric products generally 
possess moderate tear-strengths and varying 

35 degrees of softness and porosity depending 
upon the basic polymers utilized as well as the 
particular procedures emplo]^ in their cellu- 
lation. These products are resistant to many 
chemicals and bacterial acdon, and can be 

40 prepared in a wide variety of shapes, sizes and 
colouxs. However, while these products are 
f requendy described in the literature as sponge- 
like, with reference to their cellular structure, 
thev arc usually of a hydrophobic character, 

45 failing to imbibe and hold water in die same 
^hion as a natural sponge. Hence only limited 

I' 
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It is a prindpal object of the present in- 
vention to provide an integrally formed, per- 
meable polymeric poljmrediane structure of 
improved porosity and modijBed physical 
properties based upon a polymer indudm^ in 

its linear chain connecting C-— O — , 

— O— C— N<, ^C-C— N, and/or 

>N — C — N<[ bonds or linking groups. 

Another object of my invention is to pro- 
vide a simple method of connecting hydro- 
phobic open-cell, cellular structures of foamed 
polymer including in its linear chain 



>C— C-O, 
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connectmg 

^C— C— N<, and/or >N— C— N< bonds 
or linking groups into sponge-like products 
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COMPLETE SPECIFICATION 
Polymer iFoam Modification 



Scott Paper Company, a corporation 
organised under the laws of the State of 
Pennsylvania, United States of America, of 
Chester, State of Pennsylvania, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly described 
in and by the following statement: 

The present invention relates to novel open- 
cell, cellulor structures indLuding integrally 
formed, 3 - dimensionally reticulated and 
spongiform products, and to the preparation 
thereof. More particularly the invention relates 
to foamed polymeric polyurethane materials 
which have been modified by treatment subse- 
quent to their formation to inapart diereto 
improved physical properties, including soft- 
ness, hydropbilicity and capillaxactive effect 
toward water, porosity and increased strength. 

Open-celled, cellular structures cf foamed 
thermoplastic or dietmosetting polymers are 
well known. Such cellular structures are some- 
times referred to as low density foams, since 
they contain a minimal w^ght of polymer for 
the vokmie occupied by the mass. IVIethods 
whereby foamed open-ceil, cellular structures 
may be prochiced, as by the use of blowing 
agoits aiKi sinular. techniques for the incor- 
poration of e^qpanding bubbles' of gas or vapour 
in a plastic mass of polymer, are fuHy de- 
scribed in published literature. 

Such foamed polymeric products generally 
possess moderate tear-strengths and varying 
degrees of softness and porosity depending 
upon the basic polymers utilized as well as the 
particular procedures employed in their cellu- 
latiorL These products are resistant to many 
chemicals and bacterial action, and can be 
prepared in a wide variety of shapes, sizes and 
colours. However, while these products arc 
ftequently described in the literature as sponge- 
like, with reference to their cellular structure^ 
tbey are usually of a hydrophobic character, 
failing to imbibe and hold water in the same 
f ashion as a natural sponge . Hence only limited 



use has been made of these structures as house- 
hold and industrial sponges, chamois-like 
cleansers, and other articles where utility de- 
pends upon softness, hydrophilictty and 
porosity. 

There are, of course, available on the 
market various types of sponge-like materials, 
for exampk, oellulated rubbers^ regenerated 
cellulose sponge, partially f ormafized polyvinyl 
alcohol sponges which serve to siippl^ient tfae- 
supply ctf natural sponges. None of these 
commercial sponges, however^ is free from 
oemin disadvantages which seriously limits its 
field of application. Rubber sponges are com- 
paratively hydrophobic; are subject to ageing, 
attack by ozone» and have relatively poor 
strength^ regenerated cellulose sponges, while 
capable of imbihmg and holding water, are 
stiff when dry and are readily subject to 
tactenal attack resulting in rapid disintegra- 
tion upon use, partially formalized polyvinyl 
alcohol sponges are board-like and rigid when 
dry and have lunited resistance to chemicals; 
natural sponges are expensive, are subject to 
c^enucal and bacterial attack, while their size, 
shape and texture are limited. 

It is a principal object of the present in- 
vention to provide an integrally formed, per- 
meable polymeric polyurethane structure of 
unproved porosity and modified physical 
properties based upon a polymer including in 

its linear chain coimecting 

^C--Cl-N, and/or 

>N— C— N< bonds or linking groups. 

Another object of my invention is to pro- 
vide a sunple method of connecting hvdro- 
phobic open-cell, ceUular structures foamed 
polymer mduding in its linear chain 

connecting >^C--C^Q, _o^^*^^ 

>^3-C—N<, and/or >N— C-N< ooncis 
« Iinkmg groi^ imo spooge-lifce products 
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possessing increased softness, hydrophilidty 
and capiUaractive effect toward water. 

Another object of the invention is to con- 
vert polymeric cellular structures to permeable 
5 low density materials of improved tear strengdi 
and exhibiting improved resistance to degreda- 
tion on ageing undo: conditions of high 
humidity. 

A fuither object of my invention is to 
XO iwovide a method of converting open-cell 
^IViIq^h structures of polymers including in 

their linear dsatn connecting G — C — O — ^ 

>N — C— N< bonds or linking groups mto 

15 S-dhnensionally reticulated or dceletal struc- 
tures in whidi a varying percentage of the cell 
faces initially present have been eliminated. 

Other objects and advantages of the inven- 
tion win be readily appar^t from tiie follow- 

20 ing detailed description of various embodi- 
ments thereof. 

In accordance with tiiis invention there is 
provided a foamed, open-cell, cellular poly- 
meric potyurethane material of the form of 

25 an integrally formed 3-dimensionally reticu- 
lated structure comprising a network of strands 
ripfinin g the outline of a plurality of polygons 
making up a plurality of polyhedroos, at least 
a major portion of die faces A die pol^iedrons 

30 being open, in which at least a portion of the 
linkmg groups in the polymer chain are 
selected from the dass consistmg of 

o o o 



I! 



and 



N— C— N groups, the polymer being partially 

35 hydrolyzed. 

It is believed that the polymeric product, 
after treatment, includes the original polymer 
having interspersed therein, either topically or. 
topic^y and permutoiddly, carboxyl and 

40 hydroxyl groups. This treatment alters either 
one or both of softness and hydrophilicity to 
an extent depending upon the d^ree of 
hydrolysis generally, and whether hydrolysis 
takes place internally of tiie polyiner as well 

45 as on the surfaces and the degree to which the 
surfaces of the polymer have been hydrolj^c- 
ally attacked. Hence, depending iq>on the exact 
conditions followed, the improvement may be 
predominately in (a) softness, or in ^) hydro- 

50 philidiy and increased capillaracave efEect 
towards water, or toward (c) increased hydro- 
philidty and capillaractivity and decreased 
density, or toward (d) increased softness and 
decreased density, or toward (e) increased soft- 

55 ness, hydrophilidty and capillaractivity and 
decreased density. The properties of the result- 
ing product will also dqpend somewhat on 
the pore size of the starting materialj this 



80 



determining the pore size or the skeletal frame- 
work of the end product. ^ ® 

The presentiy provided highly porous in- 
tegrally formed 3-dimensional network struc- 
tures in which the polymer strands have been 
formed by a foaming or blowing procedure 
possess a unique and highfy advantageous con- o5 
struction in which the polymer strand^ intersect 
in a non-planar configuration, and are of 
outstanding strength and cohesiveness. In the 
modification of Ae process of this invention, > 
wherein the treatment with a hydrolyzing 70 ' 
agent is continued until at least a major portion 
of the ceil faces are eliminated, and tiiere is 
recovered a reticulated structure, foamed open- 
cell cdlular structures comprising polymer in 
whidi at least a portion of the bonds 



of the pol]pmer chain are 

— O— C— N<, >C— C— N<, and/ r 

>N— C— N<, bonds are converted into 
structures of decreased density and greatly 
increased porosity. Additionally, it has been 
found that the products ob^ined by this 
process may be improved, as compared to the 
opIlnTai* structures from which they are 
obtained, in the qualities . of sofmess and 
ompliance, tear strengdi, tensile strength at 
unit density, and/or resistance to degredation 
of load«bearing properties on agdng under 
conditions of hig)i humidity; furthermore, . 
reticulated structures prepared in accordance 
with tins invention from polymeric polyure- 
^ Thane open-cell cellular structures may have 
imparted thereto the qualiqr of hydrc^hilidty. 
The compression/deflection diaracteristics of 
flexible cellular structures ccmverted to porous 
reticulated products by die present process are 
altered and improved for certain applications. 
The particular properties of the 3-dimensional 
network structures obtained vary, depending 
on the nature of the polymer comprising the 
strands of which they are constructed, and on 
the size and spacing of the strands; and the 
products range from soft, lacy, diaphanous 
materials to. stiff and- harsh- porous structures. 
Flexible and soft network structures prqpared 
'£□[ accordance with this invention are or par- 
ticular interest, in the form of ihin sheets, as 
materials for use in the construction of insular- - 
ing linings for coats, jackets^ and similar 
garments, since the present materials of high 
tensile strength are strong and readily sewn, 
and are substantially free of difficulties with 
tearing and shredding encountered with pre- 
viously known polymeric foamed cellular 
structures. For such application in the manu- 
facture of dothmg, and the like, thte hydro- 
philic character of the polymeric poljnirethane 
structures is of particmiar advantage. Addi- 
tionally, depending on the nature and proper- 
ties of the reticulated products, such as pore 
size and flexibility, the novel materials pro- 
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yided by this invention are of utility as filter- 
ing devices, gas-liquid contacting devices, 
camlyst earners, rug anchors, door mats, drain 
I»ds, scouring pads, sponges, insulating pads, 
me hners, spacing devices, flexible partitions! 
J^P«J^^"Phobteriiig padding, mattresses^ 

The presait invention will be more readilv 
understood from a consideration of the draw- 
mgs, m which; 

Figure 1 is a perspective view of a block 
of a foamed open-ceU cellular structure of a 
polymer m which at least a portion .of the 

bonds of the polymer chain are >0— C^n^ 
X2--C— N<, and/or 




>N— Cl-N<, bonds; 

Figure 2 is an enlarged view of the surface 
of the hlo<i of Figure 1 widiin area 2; 
whwem may be seen strands 3 and membranes 
4 ^ polymer defining ceU edges and faces; 

Figure 3 18 an enlarged view of the same 
area as m Figure 2, after treatment in accord- 
ance with (me embodiment of ihe invention, 
^*eiBby at hast a major portion and prefer- 
ably jubstaimaUy aU the ceB faces jue ns 
moved, leaving a 3-dinwnincmal netwodB of 
strands; 

Figure 4 is an enlarged perspective view of a 
typKsl cdl of the blodc in Figure 1; 

Figure 5 is a sectional view taken along 
Ime 5 — ^5 of Figure 2; * 

Figure 6 is a sectional view taken along 
hne M of Figure 3; after the celhilar struck 
ture has been subjiected to treatment in accord- 
ante vnA one embodiment of the invention; 
» ^ « mlarged perspective view of 

a ^ical ceU of the block in Figure 3; and 

Rgurfc 8 IS an enlarged view of die nexus 
of the strands m tiie ceU iUustrated in Fienre 
7, Within area 6. 

In tire preparation of foamed polymeiic 
polynreriianc cellular strucnires, as ms or 
vapour K generated while the material to be 
tOTmed IS m the plastic stote. The generation 
of this gas results in tiie formation of bubbles, 
apgoximatdy spherical in form. As lW 
bubbles expand, cells are formed which have 
more or less definite geometric configurations. 
ITie optimum packing for spheres is an 
arrangonent in which each sphere is sur- 

f^^**-5^^ correspond- 
ingly It has been found that the cells f^med 
the expansion of gas bubbles to the point 
of conttc^ so as to produce low-density, open- 
^ structures, genetaUy are in the 

o?fc,i dodecahedrons, with pentagonal sides 
or faces. This is the general rule, tiioueh in 

any foamed mass win be found celb of vSne 
geom«ry. At the intersectim of die faces there 
arerelanTOly heavy strands of matetiaL and 
betmeeu die strands, the actual faces or ceU 
walls are very thin membtance-like fihns. One 



or more, but generally a minor proportion of 
tte faces f the cells are rapnired dufaig 
f oammg, so that in die mass the cells are 65 
intexoKmected and hence Ae mass is referred 
to as openrcelled. The foregoing is iUustrated 
m Fipre 4, which illustrates, enlarged, a 
troical c^j 4 represents the thin, membrane- 
like ceD fao^ and the relatively heavy strands 70 
at ^ junctions of the faces are represented 

Acrording to the present invention, die 
fOMned maffi of polymer is exposed to die 
action of a hydrolyzing agent under hydrolyz- 75 
ing omdittons. Under one embodiment of die 
invention, the hydrolysis is so controUed as to 
alter the physical characteristics of the strands 
and faces of the foamed polymer widiout. 
however, attacking the ceU faces sufficiently to 80 
remwe all Aat exist in the untreated nuss. 
On die odier hand, hydrolysis conditions and 
the extent of hydrolysis may be so selected 
as to remove substantiaUy aU of die ceU faces 
leaving only a skeletal structure made up 85 
the mterconnected strands. 

The polymer comprising presently useful 
ceUular structures is characterized bonds 

selected from C^O O C^rr ^ 

^<2~r~'^<. and >N— C— N.< comprising 
portion of the bonds of die polyma 
Cham. By bcmds of the polymer chain are 
paeant bonds connecting recurring chain units 
m polymeric molecules, and forming tiie 
tmidrng forces whereby the polymeric nature 
of the molecule is maintainrd. These bonds 
may be mterspeised between radicals contain- 
mg <mly a few carbon atoms each, the re- 
peated bond and radical units in totaHty form- 
uig a polymer; or the bonds may connect 
molecular chains which are mdividiraUy oolv- 
menc m nature, the bonds having dther a 
dhafflwixtendmg or a cross-linking iSfationship 
to tl^ polymeric molecular chains. As 
ORWsed to functional groups dependent from 105 
pD^ymeiK: nu>lecules, bomfe^ of the 
^am, at least at positions removed ^m the 
cJiain ends, we molecular-weight controllhw: 
on cleavage of a single such bond, die potynS 
molecular weight is decreased substantiaUyT 
dJ«Sf"i°^ this type are generally con- 
densation polymers, but are not limited hereto. 
Condensation polymers in which the polymer 

Cham includes >C— >N— C^N<, 

resms and the like. Polyestcramides con^ 

bodi ^C-rf>_ and >C-6^< bonds 
in die polymer chain, and each of these bonds 
IS susccptt-ble to cleavage by hydrolv^ 130 
agents Polyesteiamidcs are^r^S?^ ^ 
example, by teacti n of a polyAn<Sf aS 
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with a polyfuncdonal alcohol and a polyfimc- 
tional amine, whereby some of th acid groups 
bond widi the alcohol to form ester lmka§^, 
and some with the amme to f orm anude 

5 bonds. Polyn^ contain i n g bodi mude ana 
ester bonds can also be produced by addmg 
an amino acid to the components of a poly- 
ester, as is known in the art. In ^eraUy 
similar fashion to the polyesteramidcs, the 

10 units from which a polyamide chain is built 
up may be heterogeneous— an aad and an 
amine— or hraiogeneous-either ammo aads, 
as in proteins, or products of opaimg up 
lactam ring?. The urea-fcmnalddiyde resjps 
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contain >N— C— N< groups; they are pre- 
pared by condensation of urea and f ormal- 
d^rade, optionally with addition of one or 
more modifiers, wHch may, for example, be 
alcohols or the like. . ^ i * 

Another and particularly preferred dass of 
polymeis which, in the form of ceUulw: struc- 
xxaesy are modified in accordance widi this 
invention, comprises isocyanate-modified poly- 
mers. The isocyanate-modified polymers are 
potoneric materials wfierem residues of poly- 
^ocyanate, such as toluenediisocyanate, form 
a part of the polymer chain. 

Tie ^pe of bond into which the iso<gpanate 
radical is converted in the chain-formmg re- 

acdon may be a urethane bond, — O— C— N<, 

a urea bond, >N— C^N<, and amide bond 

^C--cCn<, or odier, d^mding on the 
functional group or compound toQi which 
die isocyanate radical has reacted. In general 
the polyisocyanate residues form only a nmnOT 
portion of the chain in isocyanat&-mod^ed 
polymers; die polyisocyanates act as cham 
Extenders for odier polymoK molecules 
furnishing functional groups widi which iso- 
cyanate radicals react, and link these poly- 
meric molecules togedier too _coii^»OMtB 
ultimate polymer molecules. The mitial poly- 
meric molecules with which the polyisocyanate 
is reacted may be designated secondary 

^^Bo^^tfi-derived polymers are particularly 
readily prei»red in the form of f oam^ op^ 
ceU cellular structures, since the gas by whidh 
die polymer is foamed may be generated by 
die same reactions by which bonds in the 
ultimate polymer cham are formed. One cla» 
of secondary polymers from which framed 
isocyanate-dcrived polymers may be proc^ced 
comprises polyesters, as described heremabove. 
If, in the syndiesis of die polyester, die poly- 
functional add is present somewhat m ^c^s 
as compared to die polyfunctional alcohol, the 
resulting polyester contams terminal free aad 
groims. Reaction of isocyanate radicals with 
such cafboxylic add groups results mf orma- 
tion of amide bonds, with generation of roam- 



forming carbon diojdde as a byproduct; by 
virtue of thdr polyfunctionality, die polyiso- 
cyanate residues function as bridges between 
the molecules f die polyester chams, and «> 
produce cross-finked high molecular weight 
polymers. , 

Alcohol-termmated polyesters are also con- 
vertible to isocyanate-derived polymers, anfl 
hydroxyl-subsrituted polymers or polyols, 70 
such as polyesters containing free hydroxyi 
groups, are die secondary polymers used to 
pr^>are an important dass of isoganate- 
derived polymers, die polyuredianK. TTie re- 
action by whidi isocyanaterdcnved polymers 75 
of die polyuredume type are prepared, involv- 
ing the union of a hydroxy group widi an 
isocyanate radical to form a urediane bond, is 
not productive of byproduct carbon diomde, 
in contrast to die amide-forming condensaticm w 
reaction described above. For foam produc- 
tion, an isocyanate-derived polymer of the 
polyurethane type may be treated, dunng or 
subsequent to reaction of die polyisocyanate 
with die secondary polymer or polyol, with a 
chain extending agent, usually water, with 
which isocyanate radicals reaa to form carbon 
dioxide, while urea bonds — NHCONH— , are 



Isocyanate-derived polymers prepared by 
reaction of a polyisocyanate widi a polyol are 
described by reference to the nature of the 
bond formed by die isocyanate radic^ m 
reaction with the secondary polymer, and by 
die nature of the secondary polymer. ThijB, 
the isocyanate-derived polymers prepared by 
reaction of a polyisocyanate with a polyol of 
the polyester type are designated . polyester 
polyvmhane polymers or polymeric polyester 
polyurethanes; if desked, they may more 
briefly be referred to as polyester poly- 
urethanes. ^ 
Open-cell foamed cellular structures oi 
polymeric polyester polyurethane form one 
particularly preferred starting material for 
preparation of modified structures in accord- 
ance with diis invention. Any of a variety of 
polyesters may be employed in preparation of 
sudi cellular structures. It is possible to pre- 
pare isocyanate-derived polymers from mono- 
meric polyol polyesters of relatively high 
molecT^lay wdghi^ such as castor oiL Prefer- 
ably, the present polyurethanes are prepared 
from polymeric polyest^ as described herein- 
above. These polyesters may comprise simple 
strai^t-cfaain polymers sudi as the reaction 
product of adipte add and diethylene glycol, 
or may be styrene* or oH-modiiied or otherwise 
varied, as is vrall understood in the art of 
foamed isocyanate pol^^n^ synthesis. As vnll 
be apparent from the descri p tion above of the 
chemical bonds involved in the steps of 
isocyanate-derived polymer foamed cellular 
structure synthesis, in foamed isocyanate-de- 
rived polymers prepared on a basis of a 
polyester se^ndary polymer, whetfier die 
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polyester is a polyol^ that is, a polymer con- 
taining hydroxy groups leacdve with iso- 
cyanate radicals, r whether the reactive func- 
tional groups of the polyester are add radicals, 
the foamed cellular structure obtained will 
contain ester hydrolyzable bonds and also 
urethane, amide, and/or urea hydrolj^ble 
bonds; and one or more of the hydrolyzable 
types of bonds present in the polymer may be 
attacked in preparation of modified structures 
by treatment of the foamed cellular stnictuxe 
in accordance with this invention. 

Another class of polyols with which poly- 
isocyanates may be reacted to form foamed 
open-cell cellukr structures comprises poly- 
ethers, and the modificadon of such cellular 
stractures forms another preferred embodi- 
ment of this invention. Illustrative of poly- 
ethers from which foamed cellular structures 
of polymeric polyether pol3rurethanes may be 
prepared are aliphatic all^lene glycol polymers, 
as exemplified by poly-1, 4-butylene ether 
giycoL Aliphatic ether bonds are generally 
resistant to hydrolysis, but the urediane and 
urea bonds in polyed^ pol3nuethane foamed 



be controlled as desired, by adding foam- 
stabilizing or coalescing agents. The flexibility 
of the products may be varied by judicious 
selection of secondary polymer and isocyanate 
with respect to chain branching, steric 
hindrance of rotation and similar considera- 
tions. 

The production of foamed open-ceU cellular 
structures of isocyanate-derived polymers of 
various types is well understood in the polymer 
art, and is described for example in "German 
Plastics Practice", published Debell and 
Richardson, 1946, Chapter 21, "Plastic 
Foams", pages 462-465; in 'Tapers Ptesented 
at the Atlantic Qty Meeting: Synthesis of 
Isocyanate Polymers" published by die 
American Chemical Society, Division of 
Pamis, Plastics and Printing Ink Chemistry, 
September, 1956; and in the patent literature. 

To modify low density open-cell cellular 
structures comprising polymer in which at 
least a portion of the bonds of the polymer 

chain are -^C-C^O-^ _o^.O^< 



products are susceptible to hydrolytic deavage, >C--C-N<, and/or >N-C^N< bonds 
and It IS believed that hvdmltnns nf ;» ^-.v 1l- • . ^ wiiua 



and it is bdieved that hydrolysis of the 
uretfaane and/or mea bonds is involved when 
polymeric polyether polyuretliane "rlhi lflr 
structures are converted by hydrolyzing agents 
in accordance widi this invention to yield 
modified structures. Additionally, pofyetfaer 
molecules may include .tibe residues of a 
variety of compounds such as ammpi; and the 
like, whidi are reactive with alkylene oxides, 
from which latter compounds polyethers are 
prepared. Such poiyediers may also be used 
for preparation of polymeric polyurethane 
cdiular structures, and foamed products of 
this type may be susceptible to hydrolytic 
attack not only at urethane and urea bonds. 



but also at 



— N — Sonds and .similar 



chain hnking bonds, especially tertiary fltnini * 
positions, .sensitive to hydrol3^sis. In anotiier 
variation, a polyether may be modified by 
reaction with an epoxy resin prior to or 
concurrentiy with introduction of isocyanate 
residues and production of a foamed cellular 
product. Procedural details and variations 
whidi may be made in selection of die nature 
of the polyether used, the poLyisoc^anate with 
which it is reacted, and so f cmh, axe well 
known in the art. 

In furdier extension of die scope and variety 
of isocyanate-denved polymer foamed rp>llii!«>T- 
structures available, polyisocyanates may be 
reacted under foam-producing conditions with 
any of a number of different polymers wherein 
functional groups reactive with isocyanate 
radicals are present, including polyesteramides 
and alcohol-modified urea-formaldehyde resins. 
The pore size of celhilar structures produced 



in isocyanate^ierived polymer synthesis mayhydrolysis until thr^ands a^'^SS ^ 



m accordance with diis invention, die cellular 
strucmres are exposed to the action of a 
hydrolyzmg agent under hydrolyzmg condi- 
tiQiw. By a hydrolyzing agent and hydrolyzing 
conditions are here meant agents and condi- 
tions productive of hydrolysis. The bonds 
present in these polymeric materials are 
susceptible of hydrolysis, and it is believed 
that at least one of the effects involved in the 
present process is hydrolysis of a portion of 
the bonds identified as constituting linking 
groups within the polymer chain. Hydrolysis 
IS defined as a decomposition reaction caused 
by water. Water alone may be used as the 
hydrolyzmg agent in the present process if 
the temperature is elevated sufficiently to 
m^ce the hydrolysis reaction; and/or the 
hydrolysis may be catalyzed by hydro:q^l ions, 
by hydrogen ions, or by enzymes. In accord- 
ance with the present process, these factors of 
temperature and the presence or absence and 
concentration of catalyst are controlled, to- 
gether with time of treatment, while celhilar 
structures are exposed under hydrolyzing con- 
ditions to alter tiieir physical propeties to the 
degree desired. 

The hydrolysis is purposely controlled in 
order that the skeletal celHf orm stnictuxe of 
the mass, tiiat is, the outline of the cellular 
rtrucnire ^ not destroyed, as. can readily be 
determmed by visual inspection. There is a 
wide range of latitude in die extent of 
h^Iysis which may be aUowed to occur, 
mm a shgjit surface modification of the cell 
surfaces merely to varprmt softness or hydro- 
phihaty to ^t removal of a major portion 
of the ceU faces, widi a marked mcr^ in 
porosity of structure, and continuation of 
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some extent^ and thinned down, with a conse- 
quent substantial softening of the structure. 
Properties such as softness and porosity gener- 
ally increase proportionately to extent of 

5 hydrolysis, vtole strength properties may pass 
throu^ a mfly'Tnnm and subsequently de- 
crase; the severity of the hydrolyzing condi- 
tions may accordingly be varied depending on 
the qualities desired in the product Weiglit 

10 loss paralleling the progress the h3^diolysis3 
the degree of whidi varies with the nature of 
the polymer, may be useful as a measure of 
the extent of hydrolysis occurring and change 
in properties of the structure being produced 

15 by the treatment. For example, for polyester 
polyurethanes, a weight loss of about 5 — 15%, 
preferably about 10%, appears to give 
optimum strength properties. 

Since water is the hydrolj/ris reactant^ the 

20 hydrolysis in accordance witii the present 
invention will be carried out iit-die presence 
of water, either alone, in which csise it is 
employed at a high temperature, or'ltt-thc 
presence of a catalyst. When water alone is 

25 employed, it is preferably utilized at tempera- 
tures ranging 6om about lOO^C. up to the 
softening point of the polymer. Thus, for 
example, in this embodiment, steam, super- 
heated steam or heated water under super- 

30 atmospheric pressures may be employed. 
Advantageously, hydrolysis catalysts are em- 
ployed together with water in the treatment. 
It is possible to use eozymt hydrolysis 
catalysts including an esterase such as lipase, 

35 a protease such as pepsin, and so forth. 
Preferred are ionic catalysts, which may be 
adds supplying hydrogen ions or bases 
sappl3^g hydroxyl ions in aqueous solution. 
Particularly efficacious as hydroybdng 

40 agents in the process are hydroxyl ions, as 
supplied by aqueous alkali, dilute or concen- 
trated. The alkaline material may be any of 
the common bases providing the desired 
hydroxyl ions, such as the alkali hydroxides, 

45 like sodium hydroxide or potassium hydroxide; 
ammonium hydroxide; quaternary ammonium 
bases such as boazyltrimethylammonium 
hydroxide; amines sudi as methylamine; and 
alkaline sahs such as trisodium phosphate. 

50 When aqueotis alkali is emplojred, lower tcm- 
peratuxes can be used than with water alorie 
or steam, depending on the rate of hydrolysis 
desired and the alkalinity of the solution; and 
in most cases desired result can be obtained 

55 at temperatures between about 20^C. and the 
boiluig pcunt of the solution at atmospheric 
pressure, although higher temperatures, as 
discussed above, can be used. When aqueous 
alkali is employed, particularly advantageous 

60 results axe obtainea when the pH of the 
medium is above about 8.5, and preferably 
above about 10. 

Alternatively, the hydrolysis may be camed 
out in the presence of aqueous add, either 

65 dilute or concentrated. Exemplary of inorganic 
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adds that may be employed are hydrochloric 
add, sulphuric add, and phosphoric add. 
Examples of organic adds tiiat may be em- 
ployed are sulphonic adds such as toluene 
sulphonic add, and carboxylic adds such as 
acetic add. When aqueous add is employed, 
particularly advantageous results are obtained 
when the pH of the medium is below about 
5 J, preferably bdow about 4. The tempem- 
ture of the solution may be as described above 
in connection with all^line solutions. 

The process of the present invention may 
also be carried out in successive stages; for 
example, a polymer mass may be treated with 
steam at hig^ temperatures to soften the 
structure without rupturing the cell faces, and 
thereafter treated with aqueous sodium 
hydroxide to produce the reticulated structure 
of the invention. 

Referring fnriher to the drawing, a bloc^ 
1 comprises an open-celled cellular polymer 
in whidi at least a portion of the bonds 

of the polymer diain are C— O— > 

— ^O— C— N<, >C— C— N< and/cMT 

>N — C — N< bonds or linking groups. 
Within a representative area 2 there 
will be visible a plurality of strands 3 forming 
junctions between ceU faces 4 or cell walls 
.which are thin, membzane^like films of poly- 
nier material. During ceUulation of die poly* 
mer, certain of the cell faces 4 will rupture 
producing open areas 5 to establish intercom- 
munication between adjacent cells. Mild 
hydrolysis of the foamed polymeric mass 
illustrate in Figures 1 and 2 so modifies the 
polymer sur^^ces that the polymer mass 
changes from hydrophobic to hydrophilic 
although there is no visible change in the 
mass per se. 

Additional hydrolysis effects the removal of 
a major portion and preferably sul»tantiaUy 
all of the cell faces 4 and the remaining 
reticulated structure, as seen in Figure 3 
and 7, is essentially a 3-<iimensional network 
of strands 3a defining the outline of the original 
cell feces and surrounding the open areas 5. 
A strand nexus 6 is shown in an enlarged 
view in Figure 8, which illustrates dearly 
the triangular nature of the polymer strand 
at the points of intersection as well as the 115 
non-planar nature of the nexus 6. It will be 
observed that the nexus of the strands is 
tiiickcned as compared to the strands per se; 
consequentLy, in the reticulated structure de^ 
rived from the initial cellular product, the 
intersections of the strands are particularly 
strong and coherent. Each strand 3a diverges 
from the other three strands at the nexus 6 
at an aoigle approximately normal to die plane 
of the other three strands, and, as a result, 
tile resulting reticulated structure tends to be 
isotropic and non-directional In response to 
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T,. I L ^ wdct the registered Trade Mark "Emulphor" 

M ^ structure, strands EL-719 by General Aniline and Film K 

are roughly tnangular in cross-secdon: when New Yort Qtv VIV\T< ^Zfu • ^2 

5 angul^ nature of the strands may be retained, edianolamine ^ oietdyi- 

or foUowmg more «taisive hs^drolysis, the 100 parts by weight of component A are 

strands may be dunned down and rounded off. added to 87 bTweiditTSm^Jnmt T 

to oS'l^f^nJJ^P^^rr* °^ thorougMV^^ for^iom SKS 

races outUned die strands 3 and 3a may a starting temperature of about 25or Th* 

iO TO«y, «! determmed by the pore size or ceU- mi^ctoTfa di^^S^edStdv toiSi into a 

fe^ dwrneor of the original cdhJar struc- contamer of suffiS^S to^nA at! 

^m°'f^^^'^-^^ nun to aW 20 nun. pansion. After about lI Z^ A^SSdS 

r«f»l!^*?^" !r ^°«^^y de. sets to a cellular mass, Ac temper«u^^S 

i« ^^^}^ ^ "'"^"^ to 7S°C. The container 

the foamed ceUular mass fJScS^S S 

•n^°P*^ ^ *° ^' *° 15 to 20 and held at 70°C for appnmnw^v 16hon«^ 

lOnstrate the present mvention, but are not The product in thl r^^^^T^ 

intended to Ihnh the scope of'the mvend^S Z^^bl^ IbSrX"^ 

m any way. Examples 1, 5, 12 and 14 ilhis- HnkaEes krenw^ 

20 trate preparations stakiJg materials. ^^'hlod^ ^ ''""^ 

25 Into a dosed^'S? Quipped wid. an ^ ^ -PP««^ oE 03 

agitator and means for maintaining a nitrogen Ezamplk 2 

gas sweep are charged, at room temperature. This examnle elt^m^ l.^^ ^ ^ 

50partsby.weightofanappn«unatel^80::5 re^t^^es^^rJ^^Z^ " 

isomeric mixture of toluene-2,4-diisoCTanate Blocks of oiin-SlS? ^S™«^^^^f* 

30 and toluen^2,6-diisocyanate. gild miS^ /^fT^f^^ 

35 Trade Aiark "Parapkic U— 148" by Rohm ^VrtTt^D^^nf^^ tune m a 

^t^P-^'^^--^^^ S^^iS^.."lSSr^P^f^ 

num^veragemolecular pTbloc^-aii-repeaSfy^ed^^^^^^ 
40 eqiSXt ,;;^V':::: SSi^ ^^^^^"^ penetration of die 

-^ber ::::::::: '^Szimum Si^St^^SKi^ Sc'l^j 

^r^^-'i^ 0.25% maximum soh.tic^ ^t^r^ S '^""^ 

45 ^ail?^ ^ 242 sodium hydroxide, 

Ihe abov^^de;^^ ^ X^tTJS ^^S^ ^ 

under a mamtamed mttogea atmosphere for diere for 2 hours. This tritoWt 1 n 

'^^^ot^V^^^toBppr^. minutes resuhs^r^^rf^k^Sk^^ 

50 ^ " ^' c««*«««* R ?l ? ^ °f *e original strand 

Th«» w-SS^^^ ^- dcfinmg die oudmes of die originaodb^te 

Th^ are Uemkd at zoom temperature: 80 20 minutes treatment, die tetiSedstaicSS 

T^^'^^'=^^P^7!^^'^^ « reramed, but a^rsST^uJ^^ 

S^tt^^iSil?''® covered. The effectT^tS^^^-SC;^ 

Tine of Treatment ^°Sm!) HvdmnWH^ Density Weight 

(mmmes) Dry^^^jet ^^^^ ^ 

® S 9 12 0.046 0.0 

2 8 10 27 0.044 3.5 

' 8 11 87 0.0438 4.2 

*® 9 12 89 0.0414 10.9 

^ ^ 89 0.0319 30.5 
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Softness is measured by the penetration of 
a IZ7 mm- diameter steel hemisphere under 
a to^ load of 300 grams. 

Hydrophilidty is measured heiein as fol- 
lows: a block f the celkdar mass to be tested 
(of a size 125 x 7 J> x 2.5 cms.) is squeezed 
sevexal times under vnxei. The block is whh- 
diSLvm and excess TOter is removed by manur- 
ally squeezing^ and the weight of the wet 
squeezed block is noted. 30 ml. of water are 
pouored on to a fiat sheet of polystyrene to 
make a puddle. The block is gently placed on 
the puddle, large face down, for a period of 
five seconds. The block is a^in weired. The 
amount of water absorbed is calculated and 
recorded as per cent of the original 30 mL 
Example 3. 

In diis example blods prepared as in 



Example 1 and having the same dimensions • 
are employed and are icomersed for various 20 
periods in a bath composed of: 
sodium hydroxide . • . 600 parts by weight 

acetone 1580 parts by weight 

water 3000 parts weight 

The bath is maintained at 35°C. The 25 
blocks are repeatedly kneaded^ to insure 
thorough penetration of the solution into the 
r<i>lU^^flr structure. . Th^ are then removed 
from the bath, washed with cold water, and 
immersed in a 2% aqueous acetic acid solu- 30 
tion to neutralize any remaining sodium 
hydroxide. The blocks are then washed with 
water, after which they are dried for two 
hours at 120^(1 

The results are as follows: 35 



Time of Treatment 
(miiuites) 


Softness 
(nun.) 
Dry Wet 


Hydiophilictly 
(%) 


Weigjit Loss 
(%) 


0.0 


5 


9 


12 


0.0 


0.5 


6 


9 


12 


0.0 


1.0 


8 


12 


13 


1.0 


2.0 


10 


14 


16 


2.9 


4.0 


13 


20 


18 


6.0 



Example 4. 
This example describes preparation of 
flTiother reticulated polyester polyuretfaane 
40 strudure. 

A foamed open-celled polyester poly- 
urethane cdlular structure pr^ared as de- 
scribed in Example 1 was cut into blocks 
12.5 X 7.5 X 2.5 cms. This cd h ilar structure. 
45 had a densxQr of 0.046 grams per cuHc 



centimetre, and a pore size (cell face diameter) 
of about 0.3 mm.; the tensile strength of this 
product was 35.9 pounds per square inch. 

The blodcs were treated with a 10%, by 
weight, aqueous solution of sodium hydroxide 
at 50^C. for varying lengths of time, and then 
washed with dilute add and water and dried 
as described in Example 2. 

Results were as follows! 



50 



Time of Density Weight 

Treatment Membranes (grams 
Removed 



(mia.) 



per cc) 



Load (psi) required to compress 
5% 10% 20% 30% 40% 50% 



0 


no 


0.046 


0.0 


1.52 


1.74 


1.85 


1.91 


1.97 




2 


pardy 


0.046 


0.8 


O.90- 


1^08 


1.15 


1.21 


1.27 


1.46 


5 


yes 


0.044 


3.8 


0.80 


0.92 


0.95 


0.97 


1.03 


1.20 


10 


yes 


0.041 


10.8 


0.68 


0.76 


0.82 


0.85 


0.93 


1.12 


20 


yes 


0.036 


21.2 


0.46 


0.58 


0.62 


0.64 


0.70 


0.85 



Compression properties are measured as the as 100 x (1-tiiickness/original thickness), 
pounds per square inch required to produce By comparison with the untreated cellular 60 
the given percentage compressiouj measured structure, the reticulated products free of cell 
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face membranes are stronger^ tougher, and 
more cohesive. The product of the 10 minute 
allcali treatment is optimum in balance be- 
tween completeness of membrane lemoval and 
5 freedom from excessive vc^eight loss; the im- 



proved physical properties of this reticulated 
product as compared to the riginal foamed 
cellular structure are shown in the following 
table: 



10 



15 



20 



25 



30 



35 



Cgtams 
per ca) 



Tensile 
Strengdi 

Op«0 



Tensile 
Strength flt 

UnitDenshy Elongation Tear Strengdi 

fiPsO (%) Obs/huS) 



Cellular 
Structore 

Reticulated 
Structiite 



0.046 
0.041 



35.9 
36.3 



780 



885 



350 



465 



5.2 



5.4 



Tear strength as reported above was 
measured on a notched sample. Manual tests 
on untnotched samples indicate a more shaiply 
marked superiority of the reticulated structure 
in tear resistance, as a result of the combina- 
tion of increased tensile strength and increased 
elongation. 

Example 5. 

This example describes preparation of 
another polyester polyuretfaane foam. 

The following materials are blended to- 
gether at room temperature: 40 parts by 
weight of the polyester resin (alkyd) employed 
m Example 1; 0.04 parts by wei^ of ihc 
pblyoxyethylated v^etable oil employed in 
Example 1; 1.1 parts by weight of water, and 
0.4 parts by weight of diethylethanolamine. 

To the above mixture are then added 15 
part^ by weight, of the mixture of toluene- 
2,4-dusocyanate and toIuene-2>6-diisocyanate 
employed in Example 1. 

The resulting combination is mixed 
thoroughly with rapid agitation for 20 seconds, 
and immediately poured into a container of 
sufficient volume to permit expansion, the 
temperature rismg to about 85^C. After about 
15 minutes, the container including the foamed 
mass is placed in an oven and maintained at 
70°C. for 16 hours. The foam is then removed 
. from the container and cut into blocks. 

The density of the foam is 0.045 grams per 
cubic centimetre; the tensile strength is 2.0 
kUograms per square centimetre (28.5 ps£)a 



and the dry softness Is 5 mm. The proportion 
of dosed ceUs is very small, the pores having 
an average diameter of 0.2—0.3 mm 
Example 6. 

Blocks of open-celled polymeric polyester 
polyuretfaane sponge prepared as desdrbed in 
Example 5, having a tensile strength of 28.5 
pounds per square inch and a density of 0.045 
grams per cubic centimetre, are immp>Tyed in 
the foUowing bath, maintained at 60<>C for 
various periods of time: 

sodium hydroxide no parts 

890 parts 

The blocks are kneaded repeatedly to 
ensure tiiorough penetration of the sohition. 
rhe blocks are then removed from the bath, 
squee^ to remove excess solution and 
washed with water; then they are unmersed in 
a 2% aqueous acetic acid solution and kneaded 
repeatecUy to neutralize any residual sodium 
hydroxide. The blocks are then washed with 
water and dried at 120°C. for two hours. 

In 10 minutes, elunination of a major 
pOTtion of the ceO feces is visuaUy evident and 
after 15 mmutes, the treatment results in die 
removal of substantially aU of the cell feces 
living a fine tiiree-dimensional network of 
the onginal strands defining tiie outiines of the 
on^nal cells. A greater decrease in weight, but 
no Iras of the reticulated structure is observed 
m 25 mmutes treatment 

The results are as follows: 



45 



50 



55 



60 



65 



70 



75 



Time of 
Treatment 



Density, 
(grams 
per cc) 



Weight 
Loss' 



Softness 
(mm.) 



Dry 



- Hydrophilichy 
Wet foA- 



0 


0.045 


- 0.0 


5 


10 


10 


w 


0.041 


16.1 


12 


15 


90 


15 


.0.035 


20.8 


12 


18 


87 


25 


0.029 - - 


34.3 


17 


25 


84 
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Example 7. Esample 6, for varying lengths of time. A 

A foamed open-cell polyester polyurethane substantial degree of cell face removal is noted 

is prepared as described in Example 5. The within five mimxtes, isWle die reticulated 

measured tensile strength of this cellular pro- structure remains as an int^^, recoverable 

duct was 20 pounds per square inch^ and material after treatment times up to 25 

the density, 0-047 grams per cubic centimetre, minutes and longer. 

Blodcs of this cellular product are treated In the following table are presented results 

with aqueous NaOH, 110 parts, by wei^ in of tiie treatment: 
980 parts of water^ at 60^C., as described in 



10 



15 



Time of 
Treatment 
(min.) 


Membranes 
Removed 


Density 

(grams 

peroc.) 


(%) 


Load (psi) required to compress 
5% 10% 20% 30% 40% 50% 


0 


no 


0.047 


0.0 


0.12 0.28 0.46 0.54 0.62 0.71 


5 


yes 


0.041 


6.0 


0.12 0.27 0.40 0.46 0.52 0.60 


10 


yes 


O.O40 


14.1 


0.11 0.20 0.28 033 0.39 .0.46 


15 


yes 


0.034 


27.7 


O.OS .0.11 0A6 0JL9 0J24 0.29 


25 


yes 


0.027 


41.8 


0.03 0.05 0.07 0.09 0.11 0.14 



20 



25 



30 



35 



40 



The porous and soft. reticulated products 
are of increased strengdi and cdhesiveQess as 
compared to the untreated ceUuto sttucdixe^ 
and are markedly less easily tonu The pro- 
duct of 10 minutes treatment^ uritb a 14.1% 
weight decrease as con^ared to tbe origimd 
foamed structure, has an elongation of 392%, 
as compared to 295% for liie oiigbal structure^ 
and die tensile strength of the former at unit 
density is 460 pounds per square inch^ as com- 
pared to 425 pounds per square in^ for Ihe 
latter. 

Bkamble 8. 
In this example, a foamed polymeric poly- 
ester polyurethane is prepared as described in 
Example 1, but having poxes averaging 1.5—3 
mm. in diameter. Pore size is increased by 
addition of a small quantity of SA£ motor oil 
to the mix prior to foaming. Blocks of the 
foamed c^l ly lar structure are immersed m a 
10% solution of sodium hydroxide maintained 
at 90°C. for one minute. The blocks are 
repeatedly kneaded while immersed. ' The 
blocks are tiien removed from the bath and 
washed witii cold water, washed^ widi dOute 
acetic acid to neutralize any remaining sodium 



l^dmsidei, and again washed with water. The 45 
blods are then, washed widi sodium bicar^ 
faonate solntion, and again with plain water. 
Tbey are tiien dried in an oven at 70^C. for 
3 hours. 

Ihis treatment results in removal of die 50 
original cell faces, leaving a network of the 
original strands. The product is somewhat 
more coarse than the products of the preced- 
ing exanrples. 

With a block of foam having an original 55 
density of 0.039 grams per cubic centimetre;, 
after treatment^ tiie densi^ is 0.023, and the 
original dry softness of 7 mm , js increased 
to more than 20 mm . 

With a foamed product of tiie 1,5 — 3 mm. ^ 
pore size having a density of 0.041 grams per 
cubic centimetre tiie treatment produces a 
decrease in density to 0.036 grams per cubic 
centimetre and tiie pressure in pounds per 
square inch required to produce 5% compres- 
sion of the structure is reduced £nMn 1.90 to 
0.54. Improvement in the strength prpperdes 
of the structure is observed as shown in tiie 
fbnowing laUe: 





I>ensity 
(grams 
per CO.) 


Weight 
Loss 
(%) 


Tensile 
Strengdi 
(psO 


Tensile 
Strength 
at Unit 1 


SoQgation 
(%) 


Tear 
Stxengdi 
(Ibs/mdi) 


Cellular 
Stmctuie 


0.041 


0.0 


24.0 


585 


2^ 


5.4 


Reticulated' - 
Structure 


0.036 


11.4 


24.2 


6« ; 


385 


5.9 



70 
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Example 9. 
In tills example a block prepared as in 
^ample 1, but having ceH faces averaging 
about 4 to 8 mm. in diameter;, is subiectSHto 
the same treatment as in Example 8. 

The treatment removes all the original cell 
faces, leaving a coarse network of die original 
strands. 

From a ceUular structure with an 0.058 



gtams per cubic centimetre density, there was 
produced a reticulated structure of density 
U.U37. The original dry softness f thw 
teamed structure was 5 mm.: after treat- 
ment the softoess is 12 mm. 

In a repetition of this procedure, with a 
cellular structure of 4 to 8 mm. pore^size and 
an ongmal density of 0.044, results obtained 
^vere as follows: «*"cu 



15 



Weight Tensile S^th Tear 
(grams Loss Strengtii at I^t ^tr^^ 



20 



25 



30 



Cdlular 
Stmctoie 


0.044 


0.0 




15.4 


350 


3.6 


Retfmlnted 
Stmctnre 


0.041 


7.4 




15.8 


390 


6.1 






Load (psi) requited to 


compress 






5% 


10% 


20% 


30% 


40% 


50% 


Cellular 
Structure 

Reticulated 
Structure 


1.20 
0.34 


1.84 
0.67 


1.67 
0.67 


1.68 
0.72 


1.77 
0.76 


1.88 
0.94 



EXAMPXJSlO. . 

This example describes steam tteatment of a" 
polyester polyurethane ceDular structure to 
produce a redculated structure. 

Blods of a foamed structure prepared as 
described in Esanq>le 1 and having a pore 
aze of about 0.3 mm, and a tensHe strengdi of 
35.9 pounds per square inch are wet out with 
water, and then placed in a pressure vessel and 
subjected to Ac acdon of saturated steam at 
20 psi gauge. 

At the end of 4 hours, there is observed 
a decrease m denaty to 0.044 psi, and a weight 
JOSS of 4.7%. The product is a reticulated 



structure which is markedly softer and mote 
Porous-dm the^ginal ceUular ma^ 
Example 11. 
this example, diere is employed a com- 
polyester polyuredW foam 

MarylSd) " ^ * Baltimore, 

for^K^^"!^ foam were treated respectively 
for I and for four minutes mth 10% aqueouB 
s^um hydro^de at SOOQ^ and d4^2a^ 
widi water and dried at l(X)oC ^^^^^^^ 
Results were as follows: 



35 



40 



45 



Time of 
Treatment 
(min.} 


DeiSty 
per cc.) 


Elongation 

(%) 


I^oad (p^ xequiiedtD 
10% 50% 


oiHiipress 
80% 


0 


0.039 


220 


0.73 


0.98 


3.45 


i 


0.038 


240 


0.41 


0.67 


2.35 


4 


0.028 


280 


0.12 


0.23 


1.15 



^moyal of ceU faces was visually evidoit 
m die block subjected to die f minute treat- 
50 ment, while the product of 4 minutes treat- 
ment was a fine network of strands. 



Example 12. 

nnSLfJ^^u^^^ Ptepararion of a 
^gene etiier polyureAane ceUula^ 



SS 
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Compo7ient A, 
T a closed agitated vessel equipped widi 
a nitr gen gas sweep were chared at 40°C., 
100 parts by weight of a molten polyalkylene 

5 ether, having a hydroxyl number of 37-6; 
water content of 0,04%; and melting point 
about 35°C, identified as '*Teracol 30", which 
Is believed to be a 1,4-polybutylene ether 
glycol (sold by R L duPont de Nemours & 

10 Company, Inc., Wilmington, Delaware). Nex^ 
12.6 parts by weight of the Toluene-2,4- and 
236-dlisocyanate mixture employed in Example 
1, at a temperature of 35°Co were added and 
agitation was commenced. There was a mildly 

15 exothermic reacdon, the temperature rising to 
45— 50®C. Heat was thai applied and the 
mixture was maintained at 60^C. for 2i hours. 
Then an addidonal 12»6 parts of the diiso- 
cyanate were added and the temperature was 

20 raised and maintamed at 140^C. for 2i hours. 
The charge was then cooled to 50^C and a 
further 3.7 parts by weight of the diisocyanate 
TOxe added and mixed in. Finally, the product 
was allowed to cool to room tanperatuxe, 

25 25®C. 

Campomzd B. . 

A blend, at 30°C., was prq)ared of 51 parts 
by weight of dioctyi sebacate;, a plasticizer- 
softener; 10 parts by weight of N-methyl- 

30 morpholine and 2S parts by weight of txiethyl- 
aminey catalys^; 5.0 parts, by weight, of a 
conventional alioone foam stabilizer, [Dow 
Coming DC— 200 (50 cs&s.)] ; and 22.5 parts 
by wei^t of water. 

35 To component B were added 1000 parts, 
by wdgihty of .oomponent.A, and the saisGQre" 



Tensfle Strength — psi 
Sofbiess 



psi to compress 10% 
pA to compress 20% 
psi to compress 30% 
psi to compress 50% 



was stirred rapidly for about 20 seconds. 
Immediately thereafter ihe mass was poured 
into a container of sufficient volume to permit 
expansion; after about 30 minutes the con- 40 
tainer together with the foamed mass was 
placed in an oven and maintained at 70^C. 
for 16 hours. The product in the form of an 
open-celled cellular structure was removed 
from the container and cut into blocks. Density 45 
of the blocks was about 0.031 g/cc. .Pore size 
was about 0.1 mm. in diameter. 

Example 13. 

This example describes preparation of a 
skeletal polymeric pdyetber polyuredsane 50 
celliform product. 

A block of the cellular polymeric poIyeAer- 
pol3nirahane foam of Example 12 was 
inunersed and kneaded in a bath composed of: 

sodiimi hydroxide ... 200 parts by weight 

water 800 parts by weight 

at the boil temperature of the bath for a 
period of 10 minutes. The block was then 
removed, waslied well vrith cold water, and 
rinsed with 2% acetic acid to neutralize any 
residual sodium hydroside. Finally it was 
washed In. water and dried at lOO^C. for 3 
hours. 

Visual examination of the product indicated 
the membranes covering the cell faces had 
been removed leaving behind a charactieristic 
porous skeletal structure. 

Loss of weight vm very small, less than 2 
Tests on this product and on an untreated 
block of the Er^mpk' 12 product gave the 
following resuksi 



Untreated Treated 



14 


20 


0.36 


0.18 


0.47 


0.25 


0.51 


0.30 


0.61 


0,40- 



In addition, the hig^-humidilyagp resistance the following results of a 14 day exposure to 
was improved by the treatment as indicated by 100% relative humidity at 90^u.: 



psi to compress 25% 


Untreated 


Treated 


Sample before ageing 


0.50 


o.sr . 


Sample after ageing 


0.37 


0.34 


psi to conqiress 50% 






Sample before ageing 


0.64 


0.45 


Sasq>le after ageing 


0.52 


0.47 
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It vnSi be noted that wMe the tmtceated 
sample lost considerable load bearing capadly 
on ageing, the treated sample was not harmed 
and indeed appeared to be somewhat improved 



by die ageing. 

Thermal conductivity 
little by the treatment: 



was changed very 



Untreated 



Treated 



K— BTU/br/£k«/°F/indi 



0.334 



0.353 



10 



15 



20 



35 



40 



Manual tests indicated a marked increase in 
tear resistance as a result of the treatment. 
Example 14. 

This escample describes preparation of a 
polyalkylene ^er-4unine polyurediane cettnlar 
structure. 

Component A. 
To a closed vessel equipped with an agitator 
and a nitrogen gas sweep were charged, at an 
initial temperature of 25^C^ 103 parts by 
weight of the above-identified mixture of 
isomeric toluenediisocyanates, and 100 



by weight of a polyether-amine prepared by 
sequendally addmg propylene and ethylene 
oxide to ethylene diamine, "Tetronic 701" 
sold by Wyandotte Chemicals Corporation^ 
Wyandotte, Midiigan). The mixture was 
allowed to react and the temperature was 
raised to 80^C, and maintained for 1 hour. 
Next an additional 25 parts, by weight, of 
the diisocyanate were adc^ and mixed in for 
1 hour at 80°C. The resulting product was 
then allowed to cool to room temperature. 



Component B. 

The fSOawmg were blended togetbiet at 25^ C: 

2.2 parts hy wei^ 
N-medyhnorphoHne 0.8 parts by wdght 

Triediylaniine o.2 parts by wdght 

R>am stabilizer of Bsmq>le 12 0.5 parts by weight 

This was addcdto 105 parts, by wcigjit, of a nohciMrecon^ 
Component B iqq pacts by weight 

The toluenediiso^anate 

employed in Eaample 1 5 parts by weight 

and mixed in tapSOiy for about 20 seconds. The resuk was then 
ttmsfeoed te a cantainor large enou^^ to permit expansion. 
Alter about 30 mmutes die contaiKr togedier with the foamed 
ptodua was placed in an oven at 70" C for 16 hours. 



The resulting product was a flexible cellular 
mass having a density of 0.032 g/cc, and 
por^ about 0.2 mm. m diameter. The pro- 
portion of closed cells was very smalL 
Example IS. 

This example describes preparation ot a 
skeletal polymmc polyet] lier*amine doIv^ 
urethane product. 

Bl ocfa of the polymeric polyetheMmme 
polyuredune cellular product of Example 14 



were treated for various periods of time in 
boilmg 20% sodium hydroxide as described 
above. The treated products have a major 
proportion, tip to all, of the cell membranes 
euminated, and are porous, reticulated struc- 
traw. Improved strength properties are 

oraerved in the products treated for 5 15 

minutes; after 20 minutes treatment, a very 
soft^ fine reticulated structure is obtSned. 
Results were as follows: 



25 



30 



45 



50 
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Tensfle 



Time of 
Treatment 
(min.) 


Deasity 
(gcams 
per cc) 


Weight 
Loss 
(%) 


Tensile 
Strength 
(psO 


Strength at 
Unit Densiiy 
(psi) 


Elongation 
(%) 


0 


0.032 


0.0 


4.8 




150 


105 


5 


0.031 


3.1 


6.2 




200 


165 


10 


0.030 


.5.7 


6.5 




217 


165 


15 


0.029 


10.8 


6.9 




238 


220 


2a 


0.023 


27.9 


3.1 




135 


170 


SaEcDsss 














Time of 
Treatment 
(mm.) 




Load (psi) required to compress — 




5% 


10% 


20% 


30% 


40% 


60% 


0 


0.29 


0.30 


0.33 


0.35 


0.39 


0.57 


5 


oas 


0.19 


0,20 


0.21 


0.24 


0.36 


10 


0.11 


0.12 


0.13 


0.14 


0.16 


0.27 


15 


0.07 


0.08 


0.09 


0.10 


0.12 


0.19 


20 




o.oi 


0.02 


0.03 


0.04 


0.06 



EzAMPU 16. autodaved mth 20 psig steam for various 

This example describes steam l^^drolysis periods of time. The blods were then dried 

of a cellular structure. at lOS^C. for 3 hours and examined. 
Blocks of polyether-polymetfaane cellular Results were as follows: 

product prepared as in Example 12 were 



Time of 
Treatment— br*. 



Wt.Loss.% 



Tensile 
Streogdi 



1%) 



Tear 
Strength 
lbs/inch 



0 
2 
4 
8 



0.0 
0.8 
0.7 
0.9 



178 



318 



14.1 
22.9 

■ 31. 6 . 365 

. 19.4 415 
Load (pa) lequiied-to co mp re sa 



1.94 
2.81 - 
4.5 
5.5 



Time ot 














Tieatmenc — hr; 


5% 


10% 


20% 


30% 


40% 


. .-50% 


0 


0.18 


0.40 


0.55 


0.59 


0.64 


0.70 


2 


0.14 


0.26 


0.35 


0.40 


0.45 


0.52 


4 


0.12 


0.20 


0.26 


0.29 


0.33 


0.39 


8 


0.10 


0.17 


0.24 


0.28 


0.32 


0.39 
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Visual examination mdicated that the 2 celhilat product prqpared as in Example 14 

horn' tieadnent resulted in incomplete removal were autodaved widi 20 psig steam for various 

of tbeceU face membranes, while the 4 and 8 periods of time. The btocte were then dried 

boar treatments reailted m substantiaUy com- at 105°C for 3 hours and examined. Results 

plete removal of all the membranes. were as follows: 
ESAMFLE 17. 

Blodcs of polyether-amfne polyurethane 



10 



Time of 
Treatmeot— hr. 


Wt. Losi 


5% 


Tensile 
Strengtb 

(PSO 


BoQgatii 

(%) 




Tear 
Strengdi 
Lrbs/indi 


0 


0.0 




5.2 


100 




1.23 


1 


1.9 




6.8 


116 




0.78 


2 


2.4 




5.3 


118 




0.88 


4 


4.5 




5.9 


130 






8 


6.5 




5.6 


130 




0.79 


Time of 




Load (psi) leqtiired to compress — 




Treatment— hr. 


5% 


10% 


20% 


30% 


40% 


50% 


0 


0.28 


0.29 


0.31 


0.35 


0.38 


0.45 


1 


0.15 


0.19 


0.21 


0.25 


0.27 


0.32 


2 


0,13 


0.19 


0.20 


0.23 


0.26 


0.31 


4 


0.12 


0.13 


0.13 


0.14 


0.15 


0.18 


8 


0.11 


0.13 


0.13 


0.14 


0.16 


0.18 



Visual examination indicated that the cell 
15 face membranes weie substantially completely 
lemoved from all the treated samples. 
Example 18. 
This example describes add hydrolysis of 
a cellular pxoduct to -produce a redcolated 
20 structure. 

Blocks of polyether-polyurethane cellular 
pxodua prepared as in Example 12 were 



kneaded in 19% hydrochloric add solution at 
a temperature of SO^C for 15 and for 60 
mmutes, respectively. The blocks were dien 
washed well with water, dried at 105®C. for 
3 hours and examined. Visual examination 
mdicated that both treated samples had 
substantiaUy all the cell face membranes 
ranoved. Weight loss was low, 0.4—0.5%, 
Results were as follows: 



Time of 



Treatment— Min. 5% 



Load (psT) required to compress — 



10% 



20% 



30% 



40% 



50% 



0 0.21 0.42 0.53 0.58 0.62 0.68 

15 0.14 0.26 0.37 0.41 0.45 0.52 

60 0.16 0.27 0.37 0.42 0.47 0.54 



25 



30 



T .u' ^f'^.Jl' ^ . 38% aqueous hydiodiloric 

In this example a blodc prqpared as in add . ^nft««w«i^ _j i_ 

35 Example 1 and having the same dimensions water • ^nn?^?^^^?^ 

is immersed in a bath at 24-0., composed of: The' bio*' is' 40 
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inunersion to ensure thorongb impi^nadcm 
th^eof by the solution* The block is left in 
the batii for 1^^ hours. The block is then 
removed from the bath^ washed well widi cold 
5 water and dried at 12^^C. for two hours. 

The results are as follows: The dry soft- 
ness is 19 mm.^ the wet softness is 22 nam., 
the hydrophilidty is 17% and theie is no 
appreciable weight loss. 
10 Example 20. 

In this example a block pr^ared as in 
Example 1 and having the same dimensions 
is immersed in a bath maintained at- 90^(1, 
having the composition: 
15 trisodium phosphate ... 100 parts by weight 

(crystalline;, reagent grade) 
water 900 parts by wei^t 

The block is kneaded repeated^ after 
inmiecsion to ensure thorough penetration of 
20 the solution. After 10 minutes of immecsionA 
the block is removed fsom die batih, washed 
with water and dried at 120^0. for two 
hours. 

The results are as follows: Dry sofmess. 
25 is 19 mm.3 wet softness is 20 mm., hydro- 
philidty is 76% and there is no appredaUe 
w dght loss. 
WHAT WE CLAIM IS: — 

1. A foamed^ opennirell cellular polymeric 
30 polyurethane material of ihe form of an 

integrally formed 3-dimensionally reticulated 
structure coic^rising a netwoxk of strands 
defining the outlines of a plurality of polygons 
making up a plurality of polyhedrons, at least 
35 a major portion of the faces of ^e holy- 
hedrons being open^ in which at least a pordon 
of the linking groups in the polymer chain are 
selected from die dass consisting of 
O O 

^-C— A— O— , — O— ^!_N<, 

o o 

^C--(!!— N< and >N— IL-N< 
groups, the polymer being partiaUy hydrolyzed. 

2. A matreial according to daim 1^ in which 
die external and internal surfaces of . die 
material are partially l^droylzed. 

3. A method of modifj^ng the phj^sical 
properties of a foamed^ open-ceU^ ceUular 
structure composed of polymeric polyurethane 
material ia which at least a pordon of the 
Hnkmg groups in tl^ pdymer dtain are 

50 sdected horn the dass consisting of 



40 



45 




-N< and >N- 



-N< 



groups^ whidi comprises subjecting said struc- 
ture to the action of a hydrolyzmg agent under 
hydrolyzing conditions for a time suffident to $5 
dter the physical diaraccenstics of said cellular 
structure. 

4. A method according to claim 3, hi wiiich 
the hydrolysis is carried out until a pordon of 
the cell faces have been eliirtinated and there 60 
is a wdght loss of from about 5% to 15% 
of the original mass^ the hydrolysis being 
arrested before complete destruction of the 
cellular structure. 

5* A method according to daim 3, in ^niiidi 65 
the hydrolyds is carried out until at least a 
major portion of the cdl faces have been 
ellminatedj and tJte hydrolysis is arrested to 
recover a 3*dimensioaa]l7 reticulated netwodc 
of mtercomiected strands. 70 

6. A mohod according to any one of daims 
3 to 5, in which the polymer is an isocyanate^ 
derived polymer. 

7. A method according to any one of claims 

3 to 5^ in which the polymer is a polymerized 7S 
polyester polyurethane. 

8. A method according to any one of daims 
3 to 5j in which the polymer is a polymerized 
polyether pdyurediane. 

9. A method according to any one of claims 80 
3 to 8^ in whidi ijie hydrolyzmg agent is 
aqueous alkalL 

10. A foamed^ open-cdl^ cellular poly* 
urethme polymeric material substantially as 
hereinbefore described and as illustrated in 35 
tiie accompanying drawings^ with respect to 
Example 2 — 4, 6 — ^11^ 13, and 15—20. 

11. A method of motiving die physical 
properties of a foamed, open-<rellj cellular 
structure substantially as hetembefoie described 90 
and as illustrated in tiie accompanying draw- 
ings. 

STEVENS, LANGNER, PARRY 
AND ROLLINSON, 
. Chanered-Patent Agents^* - 
Agents for the Applicants. 
Reference has been directed, in pursuance 
of Section 8 of the Patents Act, 1949, to 
Specification No. 789,481. 
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FIG. 2. 
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FIG. 5. 
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FIG.6. 



